The quantum damped harmonic oscillator is described by the master equation with usual Lindblad form. The equation has been solved completely by us in arXiv : 0710.2724 [quant-ph]. To construct the general solution a few facts of representation theory based on the Lie algebra su(1, 1) were used.
We consider a quantum open system S coupled to the environment E. Then the total system S + E is described by the Hamiltonian
where H S , H E are respectively the Hamiltonians of the system and environment, and H I is the Hamiltonian of the interaction.
Then under several assumptions (see [3] ) the reduced dynamics of the system (which is not unitary !) is given by the Master Equation
with the dissipator being the usual Lindblad form
Then we examine an algebraic structure related to the Lie algebras su(1, 1) and su (2) , and construct interesting approximate solutions by use of it.
In order to solve the equation we use the method in [1] once more. For that we review a matrix representation of a and a † on the usual Fock space
where e iθ is some phase. Note that aa † = a † a + 1 = N + 1.
we correspond to the vector X ∈ F dim C F as
where T means the transpose. The following formula
holds for A, B, X ∈ M(F ).
Then (4) is transformed into
where
Moreover it is rewritten as
Now let us examine the algebraic structure of H.
where N T = N, then we have
Namely, {K 3 ,K + ,K − } is a set of generators of su(1, 1) algebra, [2] .
By setting
, then we have
Namely, {J 3 , J + , J − } is a set of generators of su(2) algebra.
Namely, {K 3 , K + , K − } is a set of generators of su(1, 1) algebra.
We also note that
However,
see [2] .
A comment is in order. For later convenience let us write down the remaining commutators.
[
Then (11) is rewritten like
What we want to do is to calculate the evolution operator e t b H , which is in general not easy. 
as the first approximation.
A comment is in order. In place of (23) it may be also reasonable to take
However, we don't consider this approximation in the paper.
By the way, we have calculated the term e t{−(µ+ν)K 3 +νK + +µK − } in [2] . The result is
or more explicitly
with
On the other hand, we can calculate the term e t{−2iωL 3 +κL + +κL − } easily because of the
More explicitly
because of (20).
Therefore our approximate solution is
and we restore this form to the usual one by use of (8) . The result is
and
This is indeed complicated.
To construct the general solution to the equation (4) is very important in not only Physics but also Mathematics. However, it is not easy at the moment, so we only constructed some approximate solution. In the very near future we would like to do it.
In this paper we revisited the quantum damped harmonic oscillator with generalized Lindblad form and constructed some approximate solution in the operator algebra level.
The model is very important to understand several phenomena related to quantum open systems, so the general solution is required.
On the other hand we are studying some related topics from a different point of view, see [8] and [9] .
Lastly, we conclude the paper by stating our motivation. We are studying a model of quantum computation (computer) based on Cavity QED (see [10] and [11] ), so in order to construct a more realistic model of (robust) quantum computer we have to study severe problems coming from decoherence.
For example, we have to study the quantum damped Jaynes-Cummings model (in our terminology) whose phenomenological master equation for the density operator is given by
where H JC is the well-known Jaynes-Cummings Hamiltonian given by
